Y. Calvayrac (1) , A. Quivy (1) , M. Bessière (2) , S. Lefebvre (2,1), M. Cornier-Quiquandon (1) and D. Gratias (1) (1) C.E.C.M./C.N.R.S., 15 High quality quasicrystal making has been one of the basic topics of research in metallurgy for providing samples suitable for the study of the structural and physical properties of quasicrystals. Most of the available materials are metastable phases issued from rapid quenching and contain an important fraction of topological disorder that obscures the intrinsic quasiperiodic nature of the icosahedral phases. Topological disorder has even been considered as an intrinsic property of these phases after the discovery of the first stable iAlLiCu [1, 2] and GaMgZn [3] [5] [6] [7] . X-ray powder spectrum of the rapidly quenched alloy shows peak widths similar to those observed in the other icosahedral phases like AIMnSi [8, 9, 10] . But, contrary to the previous alloys, annealing treatments of as-quenched samples lead to a spectacular narrowing of the peak widths corresponding to an elimination of the asquenched defects [11, 12] . This paper is devoted to a quantitative X-ray diffraction study of [14] where B is the observed full width at half maximum and b is representative of the instrument broadening. [7] .
Annealed. - [5] in an A165Cu2oFe15 alloy annealed for 65 hours at 1 073 K.
2. TOPOLOGICAL DISORDER IN THE A165Cu20Fe15 ICOSAHEDRAL PHASE. -During the heattreatment, a considerable increase in the structural perfection of the icosahedral phase occurs which is observed by both a perfectioning in the peak positions and a narrowing in the peak widths of the X-ray powder diffraction spectra (Fig. 2 ).
2.1 Displacement from the i-deal 6D I reciprocal lattice. -The indexing of the as-quenched icosahedral phase has been performed in the scheme proposed by Cahn et al. [16] with a 6D Fdirect lattice parameter aF = 6.32 x 2 = 12.64 Â. figure 3 , the different experiments lead to similar values for the observed deviations. [17] : icosahedral glass (Fig. 4) and frozen-in phason strain (Fig. 5) . There is a wide scatter from the straight line predicted by the icosahedral glass model. A much better fit is obtained if a dependence on both the parallel and the perpendicular components of the 6D-wave vector is considered. The least-square fit of the quadratic law :
leads to a = 1.36 x 10-5 and b = 3.3 x 10-3 . These values are of the same order of magnitude as those found for as-quenched i-AIMnSi [10] [18] . A systematic investigation, around the compositions corresponding to the three temary phases called .p, lù, and ¢ in their original paper, led us to the conclusion that the gi phase is indeed the icosahedral phase discovered by Tsai et al. [4] in the AlCuFe system. This phase has a small single-phase domain, around the composition Al6s.sCuza.sFeiz-However, Bradley and Goldschmidt mentioned that this phase is After annealing for a few hours at 1 093 K, a single-phase icosahedral structure is obtained (Fig. 6) . The high resolution X-ray powder diffraction shows that the peaks have intrinsic widths comparable to those observed for the best standard crystalline powders, and that the peak positions are identical with those calculated for the ideal icosahedral quasicrystal, within the instrumental error.
Subsequent annealing between 1 133 and 1 143 K, during several days, leads to a morphology where relatively large single quasicrystals -the size of which may vary from a few hundreds of microns to several millimeters -generally located at the bottom of the crucible, are surrounded by a cloud of fine quasicrystals (see Fig. 7a ) indicating that the growth process developed in a partially melt alloy by coarsening of the icosahedral grains in the liquid. The small grains are almost perfect regular dodecahedra with edges truncated by 2-fold planes and vertices truncated by 3-fold planes. Close examination of small grains show an equivalent morphology for all the vertices, and not only for those related by a single threefold axis (Fig. 7b) , in agreement with the icosahedral symmetry.
Discussion.
The annealed AlCuFe icosahedral phase is a stable phase which gives sharp diffraction peaks located exactly at the icosahedral theoretical positions. Very similar results have also been observed in icosahedral AlCuRu [19] . [20] ). Both models can be viewed as resulting from a 3-D cut and projection of the 6D lattice : if the cut slice is aligned along the parallel space, the structure is idealy quasiperiodic, whereas if it oscillates around the average parallel space then the structure corresponds to a « random tiling ». If all tiling configurations are assumed to be degenerate in energy, then the structure is, quoting Henley [21] , a « maximally random tiling ». The oscillations of the cut slice can be locally locked along rational 3D planes which would give rise to a domain structure of periodic approximants of the icosahedral phase.
In a recent publication Audier and Guyot [22] identified a crystalline structure by electron microscopy in an as-cast ingot of AlCuFe. This phase has been identified as rhombohedral with a large unit cell that can be derived from an inflation by a factor of 2 r 3 of the prolate rhombohedron of the canonical icosahedral tiling. This phase corresponds to a cut by a rational 3D plane spanned by the three vectors A = (2 p -q, q, q, q, q, -q ), B= (q,2p-q,q,-q,q,q) and C = (q,q,2p-q,q,-q,q) where p=3 and q=2, very close to the icosahedral cut (in the 5-fold 2D plane, its trace is at 3.19° from the icosahedral one). The rhombohedral parameter is A, = ,/'2-A6D (q 7-+ p -q ) ( 
